Bactericidal Activity of Antibody, Complement, and Lysozyme on Micrococcus Lysodeikticus And, Their Relationship to Its Chemical Structure. by Brundage, William Gregory
Louisiana State University
LSU Digital Commons
LSU Historical Dissertations and Theses Graduate School
1967
Bactericidal Activity of Antibody, Complement,
and Lysozyme on Micrococcus Lysodeikticus And,
Their Relationship to Its Chemical Structure.
William Gregory Brundage
Louisiana State University and Agricultural & Mechanical College
Follow this and additional works at: https://digitalcommons.lsu.edu/gradschool_disstheses
This Dissertation is brought to you for free and open access by the Graduate School at LSU Digital Commons. It has been accepted for inclusion in
LSU Historical Dissertations and Theses by an authorized administrator of LSU Digital Commons. For more information, please contact
gradetd@lsu.edu.
Recommended Citation
Brundage, William Gregory, "Bactericidal Activity of Antibody, Complement, and Lysozyme on Micrococcus Lysodeikticus And,
Their Relationship to Its Chemical Structure." (1967). LSU Historical Dissertations and Theses. 1240.
https://digitalcommons.lsu.edu/gradschool_disstheses/1240
This dissertation has been 6 7 —8 7 7 1
microfilmed exactly as received
BRUNDAGE, W illiam  G regory , 1 9 3 4 -  
BACTERICIDAL ACTIVITY OF ANTIBODY, COM PLE­
M ENT, AND LYSOZYME ON MICROCOCCUS L Y - 
SODEIKTICUS AND, THEIR RELATIONSHIP TO ITS 
CHEMICAL STRUCTURE.
L ouisiana State U n iv ersity  and A gricu ltu ra l and 
M echanical C o lleg e , P h .D ., 1967 
M icrob io logy
University Microfilms, Inc., Ann Arbor, Michigan
BACTERICIDAL ACTIVITY OF ANTIBODY, COMPLEMENT, AND 
LYSOZYME ON MICROCOCCUS LYSODE1K.TICUS AND, THEIR 
RELATIONSHIP TO ITS CHEMICAL STRUCTURE
A Dissertation
Submitted to the Graduate Faculty of the 
Louisiana State University and 
Agricultural and Mechanical College 
in partial fulfillment of the 
requirements for the degree of 
Doctor of Philosophy
in
The Department of Microbiology
by
William Gregory Brundage 
B.S., Northwestern State College, 1961 
M.S., Northwestern State College, 1962 
January, 1967
ACKNOWLEDGMENTS
The author wishes to express his appreciation to 
Dr. A. Do Larson whose direction, constructive criticism, and en­
couragement made possible the completion of this dissertation.
He also wishes to thank the other members of the Department, of 
Microbiology for their help and encouragement during his tenure as 
a graduate student. He extends appreciation to Dr. B. R. Farthing, 
head of the Experimental Statistics Department, for his supervision 
in evaluating the statistical data of this dissertation. Appreci­
ation is also extend to Miss Mary Louise King for typing the 
manuscript„
TABLE OF CONTENTS
CHAPTER PAGE
ACKNOWLEDGMENTS...........   ii
LIST OF TABLES.........................      v
LIST OF FIGURES.......       vi
ABSTRACT  ....................     viii
I. INTRODUCTION  ...... ........................    . 1
II. REVIEW OF LITERATURE.................    3
Action of antibody's complement and lysozyme on
bacteria.............     3
Cell walls of Micrococcus lysodeikticus...........  13
III. MATERIALS AND METHODS................................ 15
Bacteriological.................................... 15
Micrococcus lysodeikticus.......................  15
Culture of organism.............................. 15
Chemical  ........   15
Materials........................................  15
Lysozyme assay.......................    16
Isolation of cell walls.......................... 18
Fractionation of cell wall components...........  18
Absorption of lysozyme from sera................  19
Serology...........................    19
Antiserum preparation............................ 19
Plate count assay for bactericidal activity.....  21
Photometric growth assay for bactericidal
activity........................................  22
Bacteriolytic assay with glucose-6-T labeled
cells.............................    24
Precipitation test.....................    25
Indirect hemagglutination test..................  25
Agglutination-inhibition test...................  25
CHAPTER PAGE
Statistics..........................    26
Curvilinear regression........................... 26
IV. RESULTS ...........................................  28
Lysozyme assay.....................................  28
Photometric bactericidal assay....................  28
Isotopic bacteriolytic assay......................  38
Antibody production................................ 43
Antigenic studies..................................  49
V. DISCUSSION  ....................................  58
LITERATURE CITED.....................................  65
VITA.................................................  70
LIST OF TABLES
TABLE PAGE
1. Proposed reactions in the immune hemolytic
process (Lepow et al. 5 1963)............................  10
2. Typical photometric bactericidal assay of rabbit
antiserum against M;_ lysodeikticus.....................  23
3. Agglutination-inhibition test. TCA cell wall extract
of lysodeikticus.............      27
4. The bacteriolytic assay of complement, antibody, and
egg white lysozyme..................    40
5. The bacteriolytic action of egg white lysozyme on
M. lysodeikticus.................    46
6. Agglutination-inhibition test for the presence of an 
antigen or haptene in cell wall preparations from 
agar-grown M^ _ lysodeikticus   ...................   50
7. Agglutination-inhibition test for the presence of an 
antigen or haptene in cell wall preparations from 
broth-grown M;_ lysodeikticus..................    51
8. Indirect hemagglutination test for the presence of 
an antigen or haptene in the TCA cell wall extract 
of Mj_ lysodeikticus   ..............    53
9. Agglutination-inhibition test for the presence of
an antigen or haptene in the TCA cell wall extract
from agar-grown lysodeikticus...............    54
10. Indirect hemagglutination test for the presence of
an antigen or haptene in fractions from TCA extract 
of cell walls from M;_ lysodeikticus..................  55
11. Agglutination-inhibition test for the presence of 
an antigen or haptene in fractions 1 and 2 of the 
TCA extract of cell walls from lysodeikticus......  56
v
LIST OF FIGURES
FIGURE PAGE
1. Preparation of M. lysodeikticus cells for lysozyme
assay.................................................  17
2. Flow sheet for the preparation of cell wall mucopeptide
and glucose-rich polymer, fractions 1 and 2, respec­
tively................................................  20
3. Reaction rate plot for lytic action of egg white
lysozyme..............................................  29
4. Bactericidal activity of complement and antibody
against lysodeikticus.............................. 30
5. Bactericidal action of complement and antibody against
sonicated FL_ lysodeikticus cells.....................  32
6. Comparison of the bactericidal activity of complement
and antibody against sonicated and normal cells....... 33
7. Bactericidal activity of egg white lysozyme against
M. lysodeikticus......................................  34
8. Bactericidal activity of lysozyme-deficient complement
and antibody.............   .....................  35
9. Bactercidal activity of complement and antibody in the
presence and absence of serum lysozyme...............  36
10. Bactericidal activity of complement, antibody, and
egg white lysozyme..............     37
11. Comparison of the bactericidal activities of complement,
antibody, and egg white lysozyme with egg white
lysozyme...........................    39
12. Bacteriolytic activity of complement, antibody, and
egg white lysozyme...................................  42
13. Comparison of the bactericidal and bacteriolytic
action of complement, antibody, and egg white
lysozyme............................    44
vi
FIGURE PAGE
14. Bacteriolytic activity of egg white lysozyme........... 45
15. Comparison of the bactericidal and bacteriolytic
activity of egg white lysozyme against M.
lysodeikticus.........................................  48
vii
AESTRACT
The bactericidal and bacteriolytic effects of complement- 
antibody on Micrococcus lysodeikticus and the relationship of serum 
lysozyme to these effects were determined. Complement-antibody in 
the absence of serum lysozyme killed about 50 per cent of the cells. 
Complement-antibody with serum lysozyme destroyed the same percent­
age of cells which indicated that serum lysozyme was not involved 
with the other serum components in the killing of lysodeikticus. 
Experiments designed to determine the bacteriolytic effect of comple­
ment-antibody and serum lysozyme on lysodeikticus aided in demon­
strating that killing was an event separate from bacteriolysis. In 
the presence or absence of serum lysozyme only a small fraction of the 
total radioactivity of tritium-labeled cells was released by complement- 
antibody which indicated that death occurred in the absence of lysis of 
cells.
The substitution of egg white lysozyme for serum lysozyme showed 
that egg white lysozyme acted differently. Egg white lysozyme alone 
killed cells at a concentration which resulted in little lysis; an 
observation which again showed the separation of bactericidal and bac­
teriolytic events. Egg white lysozyme appeared to enhance the bacter­
icidal effect of the complement-antibody system at low concentrations, 
but at higher concentrations seemed to act independently of complement- 
antibody. In the presence of complement-antibody egg white lysozyme
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at higher concentrations lysed cells at the same rate as lysozyme 
alone. The enhanced killing of cells observed at low concentrations 
of egg white lysozyme and optimal quantities of antibody- and comple­
ment could have been an additive effect of separate activities. The 
results reported in this dissertation showed that egg white and serum 
lysozymes are not necessarily equivalent in the bactericidal system 
of serum. . _
Another aspect of the research demonstrated different antigenic 
potencies of agar-grown cells and broth-grown cells of M;_ lysodeikticus. 
Agar-grown cells stimulated good agglutinin production in rabbits, but 
broth-grown cells were relatively inactive. Evidence was obtained 
which indicated that agar-grown cells produced more surface polysac­
charide which may be responsible for the antigenicity of the organism. 
Agglutination-inhibition tests performed with the polysaccharide and 
the mucopeptide components isolated from cell walls of agar-grown cells 
indicated the polysaccharide component was a more potent inhibitor of 
agglutination.
CHAPTER I
INTRODUCTION
That antibody and complement are vital components of the 
immune system which can kill and lyse Gram-negative bacteria and 
certain other kinds of cells is an accepted tenet of immunologists. 
This tenet is well-documented by experimental evidence, but whether 
or not antibody and complement are the only serum subtances involved 
in immune cytolysis has not been established.
One of the complicating factors in defining the immunolytic 
system is the complexity of complement which is not a single molec­
ular species. Not too many years ago complement was thought to be 
composed of four components. However, in recent years this number has 
been expanded to eight and there is reason to believe the number of 
components associated with the complement entity will be increased 
further with the development of new methods of macromolecular separa­
tion and characterization.
It has been suggested that complement possesses enzymatic poten­
tial which is activated by antibody-antigen interaction. Esterase 
activity of activated C'l component of complement on certain synthetic 
amino acid ester substrates has been demonstrated. This activity has 
been associated with the mechanism of fixation of other complement 
components and not with the digestion of cellular surface entities to 
which antibody has attached.
2Theories of complement action have implicated lysolecithin 
formation, phosphclipase activity, activation of profibrinolysin, 
and the exposure in the case of bacteria of the mucopeptide cell 
wall layer to serum lysozyme. Most of the theories of complement 
action have not been unequivocally accepted and further experimental 
data are required to deliniate the mode of action of complement in 
cytocida'l and cytolytic reactions.
The results reported in this dissertation were obtained in an 
effort to elucidate the relationship of lysozyme to the bactericidal 
and bacteriolytic properties of an immune system. The philosophy of 
the experimental approach to the problem was to employ a lysozyme- 
sensitive bacterium, Micrococcus lysodeikticus and then determine 
whether or not antibody or complement singly or in combination would 
enhance or inhibit killing or destruction by lysozyme of the bacter­
ial cells.
CHAPTER II
REVIEW OF LITERATURE
Action of antibody, complement and lysozyme on bacteria
Pfeiffer (1893, cited by Wilson and Miles 1946) reported the 
occurrence of bacteriolysis of cholera vibrios and some other Gram- 
negative bacteria, when they were introduced into the peritoneal 
cavity of.guinea-pigs which had previously received inoculations of 
killed cultures of the particular bacterium in question. This ob­
servation has become known as the Pfeiffer phenomenon.
The substances which are responsible for bacteriolysis were 
found to be present in the blood serum, and in other body fluids 
(Pfeiffer and Issaeff, 1894, cited by Wilson and Miles 1946).
Bordet (1895, cited by Wilson and Miles 1946) showed that 
two different substances were involved in the phenomenon of bacter­
iolysis. One of these was present in normal serum, was inactivated 
by heating to 55 C for one hour, and was not increased in amount as 
the result of immunization. The other, if present in a normal serum, 
was seldom found in significant, amounts. It appeared or increased 
greatly in amount in response to immunization and was not inactivated 
by heating at 55 C . Bordet also noted that when cholera vibrios were 
subjected to the action of immune serum aggregation occurred before 
lysis. The aggregation of bacteria by anti-serum was first studied 
in detail by Gruber and Durham (1896, cited by Wilson and Miles 1946).
The thermolabile substance was termed alexin by Buchner (1889, cited 
by Wilson and Miles 1946) and later became known as complement. The 
thermostable substance is now called antibody.
Amano, Fujikawa, Morioka, Miyama, and Ichikawa (1958) developed 
a quantitative test for immune bacteriolysis employing Escherichia 
coli. This test involved the assay for nucleic acids which were re­
leased from the cells upon lysis by the immune system. After incuba­
tion of the tubes containing antiserum, complement, and a suspension 
of E_j_ coli, the surviving cells and protein were separated from the 
supernatant fluids. The amount of nucleic acid released during bac­
teriolysis was quantitatively determined by spectrophotometric means.
Inoue, Tanigawa, Takubo, Satani, and Amano (1959) studied the 
role of lysozyme in immune bacteriolysis of |h_ coli B. They prepared 
lysozyme-free antiserum and complement by absorbing the lysozyme with 
bentonite. Such complement and antiserum showed markedly decreased 
bacteriolytic activity. The activity was restored to the same level 
as that of untreated antiserum and complement by the addition of crys 
talline egg white lysozyme. It. was found that, the concentration of 
lysozyme determined the rate and extent of immune bacteriolysis with 
an excess of antibody and a limited amount of complement. The invest 
igators concluded that the activity of lysozyme was indispensable for 
the conversion of bacterial cells into spheroplasts but the process 
was initiated by antibody and complement.
It was further stated by the above authors that the bacterioly­
tic system contains three independent agents, i.e., antibody, comple­
ment and lysozyme. Lysozyme alone cannot attack the surface of 
E. coli B (Amano, Morioka, Seki, Kashiba, Fujikawa, and Ichikawa 
1956) even though the cell walls contain the substrate of lysozyme. 
Antibody and complement appeared to expose or activate the substrate 
for subsequent degradation by lysozyme. However, an effect of the 
antibody-complement-lysozyme system on isolated cell walls of 
E. coli B could not be demonstrated.
Nungester (1951) reported on the value of the plate count 
method in determining the bactericidal activity of the immune system. 
His system had two major disadvantages: (1) The inherent variability
of plate counts require numerous replicates. The number of repli­
cates necessary is proportional to the precision desired. The conse­
quent manipulation time hinders extensive study of reaction variables 
and the simultaneous assay of many samples. (2) The possible agglu­
tination of viable organisms by antibody introduces a variable into 
the plate count measurements, which is difficult to assess (Jennison 
and Wadsworth 1940). Weidanz and Landy (1963) devised a bactericidal 
assay for antibodies against smooth strains of enterobacteria'which 
alleviated the problem of numerous replicas in plate counting. They 
used precolostral calf serum as the complement source lacking in cer­
tain natural antibodies, and the bacterial inoculum was reduced to 
102 cells. Their assay was especially designed for the detection of 
very low concentrations of antibody in normal sera.
To alleviate the above problems in the bactericidal test, 
Muschel and Treffers (1956a) developed a photometric growth assay.
Like the conventional plate count assay method it requires an initial 
period during which the organisms, antibody, and complement interact. 
In their method, the relative numbers of organisms surviving were 
then determined by their growth rate on subculture, the quantitation 
of the relative total growth during a limited period of time being 
made with a photoelectric colorimeter. Linear plots were obtained 
(on normal-deviate or probit graph paper) between the percentage kill 
and the dosage (in logarithmic units) from which they determined the 
50 per cent end point and the response slope. When the initial cul­
ture density was standardized, the standard deviation of the absolute 
bactericidal titer was about 10 per cent. Plotting the percentages 
of surviving cells against the logarithms of the quantities of serum 
yielded a typical sigmoidal curve. Similar representations were also 
obtained by Wadsworth (1947) for the lysis of sensitized erythrocytes 
by complement in the presence of constant amounts of hemolysin.
Sigmoidal representations of the normal distribution curve were 
found to be unsuited for analytical treatment, in contrast to linear 
relationships (Finney 1952). Muschel and Treffers (1956b) used the 
probit transformation for changing the normal distribution curve (in 
either its bell shaped or sigmoidal form) into a straight line. The 
advantages of the probit representation are; (1) Full utilization of 
all data (experimentally, this includes the range between 95 per cent 
and 5 per cent survival) in constructing a single line which fully 
characterizes the behavior of the system. (2) From this line a 50 
per cent dosage can be determined by interpolation. (3) The slope of
7the response line represents a new parameter to the experimenter.
If two lines are parallel, the relative values (potencies) are given 
by the displacement at any level of inhibition. If the lines are 
not parallel, it follows that the potency differences varied with 
each inhibition level examined. In addition, changes of slope pro­
vide highly suggestive evidence that some change has occurred in the 
mechanism of action which is affecting the distribution. (4) The 
standard deviation of the distribution is readily ascertained; it is 
merely the reciprocal of the slope.
The bactericidal reaction, as studied with the photometric 
growth assay of Muschel and Treffers (1956a), has been shown to 
parallel the hemolytic reaction in requiring magnesium ion, antibody, 
and complement. They found that 700-860 molecules of antibody and 
approximately 1.5 x 10^ molecules of complement were necessary to kill 
one cell of Salmonella typhosa at the 50 per cent, end point. They 
calculated that this amount of antibody and complement, would cover 
0.03 - 0.7 per cent of the bacterial cell surface. Their interpre­
tation of the role of magnesium ion was that of a co-factor, which 
led to the hypothesis that the immune reaction is an eqzymatic pro­
cess.
Mayer, Croft, and Gray (1948) concluded from kinetic studies 
on red blood cell hemolysis that antibody is an enzyme and is used 
over and over again. Unger, Damgaard, and Hummel (1953) presented 
evidence that complement-antibody fixation activated profibrinolysin 
which lysed the cells. Impressive evidence for the enzymatic activ-
ity of complement was obtained by Becker (1956) who demonstrated 
esterase activity of the C'l fraction of complement. Haines and 
Lepow (1964) suggested that the first component of complement (C'l) 
exists in serum as a zymogen which is activated under appropriate 
conditions to an esterase capable of hydrolyzing certain synthetic 
amino acid esters, including N - acetyl - L - tyrosine ethyl ester 
and p - toluenesulfonyl - arginine methyl ester. Two other lines 
of evidence support the esterase activity of complement. One line 
of evidence has developed from a series of studies on the inactiva­
tion of the second (C'2) and fourth (C'4) components of human com­
plement by plasmin (Pillemer, et al., 1953). As a result of these 
investigations, it was suggested that the inactivation of C'2 and 
C'4 by plasmin and by antigen— -antibody aggregates was mediated by 
conversion of the enzyme precursor (C'l) to an active enzyme. A 
second line of evidence was developed concurrently and independently 
from the results of Levine (1955) and Becker (1956) who demonstrated 
that di-isopropyl fluorphosphate (DFP) inhibited the hemolytic activ 
ity of guinea pig complement. Since the effect of DFP was shown to 
be directed primarily against C'l, Becker postulated that in the pre 
sence of sensitized erythrocytes C'l was converted into an active 
form which was susceptible to inhibition by DFP. These findings are 
consistent with the hypothesis that C'l exists in serum as a pro­
esterase which is activated in the course of complement function.
Serum complement has traditionally been defined as a four- 
component system, C'l, C'2, C'3, and C'4. Although several investi-
ators had suggested the existence cf additional components, only re­
cently has unequivocal evidence become available which supports the 
further complexity of complement. Taylor and Leon (1961) showed that 
C'3 consisted cf three fractions which were designated: C'3a, C'3b,
and C'3c. Later Lepow, Naff, Todd, Pensky, and Hinz (1963) chromato- 
graphically resolved the C'l component into three distinct fractions, 
designated C:'lq, C'lr, and C'ls in order of their elution from DEAE 
cellulose. Table 1 summarizes the proposed reactions of complement 
in immune hemolysis (Lepow et al., 1963).
The killing of Gram-negative bacteria by serum has been attri­
buted generally to the complement-antibody system. Once killed by 
this system, the bacteria may be lysed by the action of lysozyme 
(Amano et al., 1958). Freeman, Musteikis, and Burrows (196 3) found 
that Vibrio cholerae was an exception of this rule. They found that 
complement and antibody could lyse as well as kill the organism and 
that lysozyme was not involved in the system.
The cell wall of EL, coli consists of three layers (Weidal, 
Frank., and Martin, 1960). The outermost layer is lipoprotein, the 
middle layer is a lipopolysaccharide and the inner rigid layer (R 
layer) consists of a mucopetide which is a substrate of lysozyme. 
Inoue et al. (1959) suggested that complement and antibody attack the 
two layers in such a way as to allow lysozyme to hydrolyze the "R" 
layer with resultant lysis of the cell. Recent observations which 
support this view, at least with, rough organisms, has been reported 
by Wardlaw (1962) and Schwaband Reeves (1966). It has been found
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Table 1. Proposed reactions in the immune hemolytic process 
(Lepow et. al., 1963)
Reactants and intermediate Biochemical
_________________ complexes____________________________events_________
Ca++
EA* + C'lq + C'lr + C'ls EAC'l ' Generation of C'l es­
terase
EAC'l + C'4----- - ------- ------- EAC'1,4 Interaction of C'l es­
terase with C'4; nature 
of reaction unknown
EAC'1,4 + C'2---------------  —  EAC11,4,2 Interaction of C ’l es­
terase with C'2; enzy­
matic cleavage of C '2; 
fulfillment of function 
of C'l esterase
EAC'l,4,2 + C;'3a + C'3b + C'3c Unknown biochemical
role of C'3 components, 
Mg'*""*"-------------  E,rt‘ resulting in produc­
tion of holes in cell 
membrane, loss of per­
meability control, and 
osmotic lysis
  ----------------------  ghost +
hemo­
globin
,cRed blood cell - antibody complex. 
Lysis of red blood cell.
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that the two processes (killing and lysis) are differentiated with 
respect to time and rate with Vibrio cholerae (Freeman et al., 1963). 
Vibri.oc.idal activity was initiated immediately at maximum exponential 
rate and was essentially complete in 40 - 60 minutes. In contrast, 
lysis as indicated photcmetrically was apparent only after a lag 
period cf 20 - 30 minutes and continued, exponentially until 50 to 70 
per cent lysis was attained. These findings indicate that the bacteria 
are killed prior to lysis.
Harris (1948) found no evidence for the hypothesis that key 
metabolic reactions of the bacterial cell are affected by inactivation 
of relevant enzymes by combination with antibody. He .was unable to 
establish adverse effects of antibody on respiration, viability and 
growth. There is some evidence, however, that respiration as assayed 
by oxygen consumption, is inhibited in the presence of antibody and com­
plement (Freeman et al., 1963). Sevag and Miller (1948) were unable to 
show an inhibitory effect on oxygen utilization by pneumococcus with 
antibody and complement, possibly because cf heavy encapsulation. How­
ever, they found that oxygen uptake by typhoid bacilli, though initially 
stimulated, was markedly reduced after 60 minutes, the extent of inhibi­
tion depending upon the substrate supplied. They neglected to determine 
the bactericidal activity of the antibody and complement employed in 
their studies. Similarly, inhibition of oxygen utilization by coliform 
organisms reached a maximum within 30 minutes after addition of comple­
ment to sensitized bacteria but no inhibition occurred in the presence 
of antibody alone. While the evidence is fragmentary, it would appear
12
that antibody alone does not appreciably alter respiratory activity, 
but metabolic activity may be inhibited in the presence of antibody 
and complement whether or not lysis occurs.
The bactericidal activity of sera from precolostral piglets 
and calves has been tested with strains of Gram-negative bacteria 
with different cell wall surfaces as indicated by differences of the 
stability of bacterial cell suspensions in saline for one hour at 
100 C., the stability of the bacterial cell suspensions in a solution 
of acrif'lavin, and the migration of the bacteria in an electrical 
field (Sterzl, 1964). Bactericidal activity in 37 randomly selected 
strains of Gram-negative bacteria was found to correlate only with one 
of the surface characteristics which was demonstrated by the stability 
of a saline suspension of the organism when heated at 100 C for one 
hour.
In precolostral sera a component was found which increased the 
bactericidal effect of complement on some strains of Shigella shigae 
(Sterzl, Kostka, and Lane, 1962). This component was absorbed from 
the sera by cells of Shigella only in the absence of complement.
They also found that the serum of newborn piglets which had not yet. 
ingested colostrum had a bactericidal effect on other cultures of 
Gram-negative bacteria. It was assumed that the bactericidal activity 
was due to complement without the participation of antibody. The char­
acter of the bacterial surface as discussed above was the determining 
factor and not the antigenic character of the different Gram-negative 
bacteria.
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The opsonizing effect of complement was demonstrated by Sterzl 
(1.963) by perfusion of calves liver with mixtures of bacteria and 
complement. According to Sterzl and Kostka (196.3) the change effected 
in the bacterial surface by attachment of complement need not neces­
sarily be accompanied by any further action. They studied the bacter­
icidal action of complement on cultures of Gram-negative organisms with 
characteristics associated with the rough form. However, it. is possi­
ble to attain the same effect in strains which are close to the S-form 
if the sera have a higher complement: level. These authors were of the 
opinion that both actions, i.e., changes in. the surface as determined 
by the opsonizing enhancing effect of complement, and the gross disrup­
tion of the bacterial cell wall, were caused, by the same mechanism but 
at. different intensities. By employing bacteria with different anti­
genic structures, Osawa and Muschel (.1.964) found that, bactericidal 
activity of complement was related to the physical characteristics of 
the bacterial cell surface and not with its antigenic properties.
Cell wa11s of Micrococcus lysodeikticus
Salton and Horne (1951.) and McCarty (1952) isolated insoluble 
material from disintegrated Cram-positive bacterial cells, which was 
shown by examination with an electron microscope to have retained the 
form of the cells from which it had been isolated. Both groups of 
authors concluded that the material represented the cell walls of the 
bacteria. Qualitative examination (Salton, 1953; Cummins, 1956) of 
acid hydrolysates of isolated cell wall material demonstrated a rather 
simple chemical structure. The cell walls of a number of Gram-positive
bacteria contained only four cr five amino acids, some in the D- 
configuration (Ikawa and Snell, 1956), one or two hexoses and two 
hexosamines. Salton (1953) and Perking and Rogers (1.959) have 
shown that acid hydrolysates of cell wall preparations from 
Micrococcus lysodeikticus contain glutamic acid, lysine, alanine, 
glycine, glucosamine, muramic acid, and glucose. Czerkawski, Perkins, 
and Rogers (196.3) and Czerkawski and Perkins (1963) later found that 
the majcr constituents of cell walls from M. lysodeikticus are 2- 
acetamido“3“0”carboxyethyl-2“deexyglucose (N-acety'Lmuramic acid), 2- 
acetamido-2“deoxyglucose (N"acet:ylglucosamine), glutamate, lysine, 
glycine, and alanine in the molecular proportions 0.8:1:1:1:1:2 .
This mucopepti.de accounts for 85 per cent of the c.e'1.1 wall. Perkins 
(1962) found a glucose-rich polymer in the cell wall, which contained 
2-amino-2-deoxymannuronic acid and glucose in a 1:1 ratio. The anti­
genic component of the cell walls of lysodeikticus is yet to be 
determined (Salton, 1964).
CHAPTER III
MATERIALS AND METHODS
Bacteriological
Micrococcus lysodeikticus. The culture of Micrococcus 
lysodeikticus was obtained from the stock culture collection of the 
Department of Microbiology, Louisiana State University, Baton Rouge.
It was subcultured in screw cap test tubes containing slanted brain 
heart infusion agar. The organism were transferred at two week in­
tervals and stored at 4 C. The organism was periodically examined 
for purity by microscopic examination and by examination of colonies 
on streak, plates.
Culture of experimental organism. Cells used in the bacteri­
cidal and bacteriolytic studies were harvested from brain heart infu­
sion agar slants in screw cap test tubes (16 x 125 mm). Larger quan­
tities of the organism for the purpose of preparing cell walls were 
grown on the surface of the same medium dispensed in Roux flasks (12 x 
20 cm) in 125 ml volumes. Broth cultures were obtained by growing 
the organism in brain heart infusion broth. All incubations were at 
37 C.
Chemical
Materials. The inorganic salts employed in this study were 
analytical reagent grade.
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Guinea pig serum (complement) was obtained from Hyland 
Laboratories, Los Angeles, California. Egg white lysozyme (murami- 
dase) was obtained from Worthington Biochemical Corporation, Freehold, 
New Jersey. Bentonite was purchased from Fisher Scientific Company, 
Pittsburgh, Pennsylvania.
Dried cells of lysodeikticus for the lysozyme assay were first 
purchased from Worthington Biochemical Corporation but. later were pre- 
pared in our laboratory according to the procedure of Litwack (1955). 
The procedure is summarized in Figure 1.
Trit.iat.ed glucose (D-glucose-6“T) was purchased from Nuc\Lear- 
Chicago Corporation, Chicago, Illinois. PPO (2,5-d:i.phenyloxazol.),
POPOP (2,2-p-phenylenebis), and hydroxide of hyamine 1.0-X were obtained 
from Packard Instrument Company, Inc., La Grange, Illinois.
Lysozyme assay. The lysozyme content of sera was determined by 
the procedure of Prasad and Litwack (196.3). A standard curve was con­
structed by determining the change in OD of the substrate (M. lysodeik- 
ticus) with varying concentrations of egg white lysozyme. The reaction 
mixture consisted of cell suspension, enzyme solution, and water to a 
volume of 3 ml. The change in OD recorded between 30 and 60 seconds 
after intiation of the reaction was employed for calculation of the 
lysozyme activity. A Beckman DB spectrophotometer was used to deter­
mine OD at a wavelength of 645 mu. With all sera employed, the enzyma­
tic activity was measured as above and the lysozyme content determined 
from the standard curve.
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Wash cells once with about 60 times the cell volume with distilled 
water.
Centrifuge at room temperature, 3000 rpm for 10 minutes.
Wash cells with about 60 times the cell volume with cold acetone (3 
washings). ____
77
Centrifuge at 0 C, 3000 rpm for 10 minutes.
Wash cells with about 60 times the cell volume with cold ether (2 
washings).
Centrifuge at 0 C, 3000 rpm for 10 minutes.
Dry with air and suction on sintered glass funnel.
Figure 1. Preparation of lysodeikticus cells for lysozyme 
assay.
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Isolation of cell, walls. M. lysodeikticus was grown on the 
surface of brain heart infusion agar in Roux bottles for 48 hours 
at 37 C. To obtain large yields of organisms it was necessary to 
dry the agar surface thoroughly before inoculation. At the end of 
the incubation period cells were scraped from the surface of the 
medium with a glass rod and suspended in distilled water. The sus­
pension was washed three times with equal volumes of distilled water 
and finally suspended in water to give a concentration of about 2,0 
mg/ml on a dry "weight, basis. This suspension in 30 ml volumes was 
mixed with glass beads and sonicated with the Branson ultrasonifier 
at full intensity for a period of 2 hours at -4 C. The beads were 
removed by filtration and the cell walls were isolated from the fil­
trate by the method of Salton and Horne (1951). The filtrate was 
centrifuged in a Serva'll RC-2 refrigerated centrifuge at 1085 g 
for 15 minutes to remove unbroken cells and further treated at 12,000 
x g for 30 minutes to sediment the cell walls. The pellet of cell 
walls appeared white, whereas the whole cells were yellow. The cell 
walls were washed three times with distilled water and then treated 
with trypsin, ribonuclease, and pepsin as prescribed by Cummins and 
Harris (1956). Finally, the cell walls were washed three additional 
times with distilled water and dried from the frozen state.
Fractionation of cell wall components. The two major cell wall 
components of lysodeikticus were extracted and fractionated by the 
procedure of Perkins (1962). The freeze-dried cell wall material was 
shaken successively with portions of 5 per cent trichloroacetic acid
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(TCA) at 35 C for periods of time which totaled two days. After 
each extraction the TCA was separated from the residue by centri­
fugation and replaced by a fresh portion for further extraction.
The extracts were combined and freed from TCA by repeated extrac­
tion with ether by aeration. Figure 2 summarizes the procedure.
The solublized material was precipitated by the addition of three 
volumes of 0.5 per cent solution of potassium acetate in ethanol.
The precipitate was washed with ethanol and dried with ether.
The precipitate was extracted with water and the undissolved 
material was removed by centrifugation. The supernatant fluid was 
fractionated with 0.5 per cent potassium acetate in ethanol into 
two fractions: Fraction 1 (precipitated by 60 per cent ethanol) and
Fraction 2 (precipitated by 71 per cent ethanol). The two fractions 
were air-dried and tested for serological activity.
Absorption of lysozyme from sera. Following the method of Inai, 
Kishimoto, Hirao, and Takahashi (1958) 10 mg of bentonite were added 
to 1.0 ml serum and the mixture incubated at 5 C for 10 minutes and 
the bentonite removed by centrifugation. This absorption procedure 
was repeated three times which removed all detectable lysozyme activ­
ity.
Serology
Antiserum preparation. Live suspensions (10^ cells/ml) of M. 
lysodeikticus were employed to immunize, rabbits. Two whole cell antigen 
preparations were used. One consisted of cells grown in brain heart 
infusion broth and the other on brain heart infusion agar. In each
20
One gram lypholized cell walls shaken successively with portions 
of 50 ml 5 per cent trichioro acetic acid at 35 G for two days.
O
Extract freed from trichloroacetic acid by repeated extrac­
tion with ether, and from ether by aeration.
J L
Material precipitated from extract with 0.5 per cent potassium 
acetate in ethanol.
Precipitate washed with potassium acetate-ethanol mixture and 
dissolved in water.
'
Fractionated with potassium acetate-ethanol mixture.
Fraction 1 
Precipitated by 60 per cent 
volume of potassium 
acetate-ethanol mixture.
Fraction 2 
Fraction precipitating 
between 60 and 71 per 
cent by volume of potas­
sium acetate-ethanol 
mixture.
Figure 2. Flow sheet for the preparation of cell wall mucopeptide
and glucose-rich polymer, fractions 1 and 2, respectively.
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case, the cells were harvested from the medium, washed with physio­
logical saline, and suspensions (10^ cells/ml.) prepared for immuniz­
ing rabbits.
The broth-grown cells were administered intravenously to a 
total of six rabbits in the following manner: 0.5, 1.0 and 1 .-0 ml
quantities were administered every other day for the first week.
After the first week 1.0 ml was administered every two weeks. Test 
bleedings were done just prior to the biweekly injections and the 
serum tested for agglutinogens. This procedure was continued for a 
period of eight months. Six mere rabbits were inoculated subcutan- 
eously with 0.5 ml of the antigen mixed with an equal volume of 
Freund's complete or incomplete adjuvants and the serum tested bi­
weekly for agglutinogens. The agar grown cells were administered 
intravenously to six rabbits in 0.5, 1.0 and 1.0 ml volumes during 
the first, week and a 1.0 ml volume biweekly for a period of six weeks. 
Test bleedings were done using the same schedule as for the broth- 
grown cells.
Call wall preparations were made from both the broth-grown and 
agar-grown cells and standard suspensions (0.4 OD at 640 mu) were 
mixed with an equal volume of Freund's complete or incomplete adju­
vants. Four rabbits were inoculated with each antigen preparation 
and maintained for a period of six months with biweekly bleedings to 
test the serum, for agglutinogens.
Plate count assay for bactericidal activity. M. lysodeikticus 
was incubated with antibody and complement, for 90 minutes at 37 C.
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The cells in control and experimental tubes were plated on brain 
heart infusion agar, incubated, and the number of colonies deter­
mined by colony count. The per cent survival was calculated from 
the colony counts performed on the contents of the control and ex­
perimental mixtures.
Photometric growth assay for bactericidal activity. Bacteri­
cidal activities of the different test systems were measured by the 
method of Muschel and Treffers (1956a). The organisms were exposed 
to the action of antibody and complement for 90 minutes. The re­
lative numbers of organisms surviving this period were determined by 
means of a growth assay on subculture. The assay depends on the fact 
that the larger the number of remaining viable organisms, the more 
dense a subculture will become in a given period of time. After a 
suitable time, the relative amount of growths were read in a photo­
electric colorimeter
In a typical test, the bactericidal system was allowed to react 
with the organism for 90 minutes at 37 C. The bactericidal action 
was stopped by the addition of medium which was anti-complementary. 
The system was placed in an incubator shaker at 37 C for a period of 
about nine hours. At this time the samples were read spectrophoto- 
metrically in a Bausch and Lomb Spectronic 20 (640 mu) to determine 
growth density. The per cent survival was calculated by dividing the 
OD of the experimental flasks by the OD of the complement control 
(cells + complement). A typical photometric bactericidal assay of 
rabbit antiserum against M;_ lysodeikticus is shown in Table 2.
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Table 2. Typical photometric bactericidal assay of rabbit antiserum 
against M_v lysodeikticus
Control flasks
; Assay flasks■5
: :Comple­
te rum: ment
Dil­
uent Blank
; ml ; ml : ml ml : ml : ml ml ml
Serum dilution (1:200);1.40c0.70: .35 .1.7 5 : 1.4 : - - -
Comp 1 ernent. :0.3 :0.3 :0.3 0.3 : - : 0.3 - 0.3
Diluent : - ;0„7 :1.05 1.225 : 0.3 : 1.4 1.7 1.4
Culture ; 0. .3 :0.3 : 0. .3 0.3 ; 0.3 : 0.3 0.3 -
Broth : - : “ : - - : “ : - 0.3
All flasks, except the blank were incubated 90 minutes at 
37 C (reaction period). Five ml of broth was added to all flasks 
and reincubated at 37 C until the complement control had reached an 
CD of about. 0.4 (usually about nine hours). The flasks were chilled, 
and the OB of the contents determined using the blank for zeroing 
the instrument.
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Bacteriolytic assay with glucose-6-T labeled cells. Brain 
heart infusion agar slants were flooded with sterile D-glucose-6-T 
and allowed to dry. The slants were inoculated and incubated for 
18 hours at 37 C after which the cells were harvested and washed 
three times with distilled water. A standardized suspension of 
cells was prepared by adjusting their concentration, in saline, to 
an OD of 0.2 at 640 mu in a Bausch and Lomb Spectronic 20 spectro­
photometer. Cells were subjected to the immune system for 90 minutes 
at 37 C. The tubes were placed in a centrifuge to remove whole cells 
and 1 ml of the supernatant fluid deposited in a liquid scintillation 
vial.
Two procedures were employed in preparing the samples for scin­
tillation counting. They were as follows:
(1) The samples were dried in a desiccator containing calcium 
chloride and a beaker of sulfuric acid. The residue was solubilized 
in hydroxide of hyamine 10-X (20-30 mg/ml) and later acidified with 
HCl to eliminate the photoluminescent effect of the solution. The 
f'luor was added (POPO and POPOP in toluene) to a volume of 15 ml.
The solutions were cooled and placed in the Packard Tri-carb liquid 
scintillation spectrometer for counting. Each sample was counted for 
a period of five minutes.
(2) This procedure followed the method of Werbin, Chaikoff, 
and Imada (1959). Hydroxide of hyamine was not used nor was the 
sample dried. A dioxane. solution containing the fluor (lOOg naph­
thalene, lOg POPO, and 0.25g POPOP per liter of dioxane) was added
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to the sample to a volume of 15 ml. The samples were counted as in 
procedure 1.
Precipitation test. A ring-type precipitation test was em­
ployed. The test employed constant amounts of antibody and serial 
dilutions of antigen. The^ antiserum was placed in the lower half of 
a tube and the antigen carefully layered over it so as to obtain a 
sharp interface. Tubes were incubated at room temperature and ex­
amined for a ring of precipitation after one hour and after twenty- 
four hours.
Indirect hemagglutination test. Equal portions of a 10 per 
cent washed suspension of sheep red blood cells (RBC) and antigen 
were incubated for two hours at 37 C. The RBC were washed three 
times in saline (0.85 per cent) and a 0.75 per cent suspension by 
volume was prepared. The suspension of antigen-coated RBC was used 
in the agglutination test. The amount of coated RBC was held constant 
and the antiserum serially diluted. The tests were incubated for two 
hours at 37 C and then refrigerated overnight (2-5 C) prior to read­
ing for agglutination.
Agg lu t ina tion-*-Inhibit ion test. This procedure was the method 
described by Bienvenu (1957). The material to be tested was incubated 
with antiserum prepared against whole cells for four hours at 37 C.
The antibody-antigen complex was sedimented at 17,000 x g for 35
Q
minutes and the agglutinin (10 cells/ml) were then added to the super­
natant and incubated. If antigen was present in the test material, 
agglutination of the whole cells was prevented.
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The antiserum dilution used in the test was determined in the 
following manner: The titer of the antiserum was found by reacting
serial dilutions of the antiserum with constant amount of antigen.
The reciprocal of the titer was multiplied by four and the figure 
obtained was the dilution of antiserum to be used in the agglutina- 
tion-inhibition test. Table 3 shows a typical agglutination-inhibi- 
tion test in which a crude TCA extract of M^ _ lysodeikticus cell walls 
were employed.
Statistics
Curvilinear regression. A curvilinear regression was carried 
out on all data obtained from bactericidal and bacteriolytic tests to 
determine a least square estimate of the best fitting line of data.
A regression of the dependent variable was plotted against the inde­
pendent variable where y was the dependent variable and x was the 
independent variable.
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Table 3. Agglutination-inhibition test, 
of M. lysodeikticus
TCA cell wall extract
Tube no,
1
2
3
4
5
6
7
8 
9
10
11
12
13
14
Antiserum
0.25 ml
saline 
0.25 ml
0.25 ml
IS. coli*
0.25 ml**
Antigen dilu- 
tion (0^5 ml)
1/10
1/20
1/40
1/80
1/160
1/320
1/640
1/1280
1/2560
1/5120
0.25 ml un­
diluted
0.25 ml saline
0.25 ml E . coli
0.25 ml saline
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Agglutinin
0.5 ml
E. coli 
0.5 ml
0.5 ml
*Negative control.
**Positive control.
CHAPTER IV
RESULTS
Lysozyme assay
A standard curve (Figure 3) was developed using crystalline 
egg white lysozyme for the quantitative assay of serum lysozyme.
The curve indicated the reaction to be second - order.
Different batches of guinea pig serum (complement) and rabbit 
.serum (antiserum) were assayed for their lysozyme content. Guinea 
pig sera contained per ml the equivalent of 2.5 to 4.0 ug of egg 
white lysozyme. Only those samples containing the equivalent of 
3.5 to 4.0 ug of egg white lysozyme per ml were employed in the ex­
periments. The rabbit serum lysozyme activity ranged from the equi­
valent of 2.5 to 3.8 ug of egg white lysozyme per ml. Since the 
antiserum was employed at high dilutions (1:200 to 1:250), its 
lysozyme content was insignificant.
Photometric bactericidal assay
The bactericidal action of the immune system (complement and 
antibody) against Mj_ lysodeikticus is shown in Figure 4. The maxi­
mum figure obtained for cell death was 45 per cent. Since the cells 
of lysodeikticus are in clumps, attempts to increase the bacter­
icidal effect by separation of the cells were done. The cells were
28
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Figure 3. Reaction rate plot for lytic action of egg white 
lysozyme •
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separated by a brief period of sonication and were tested against 
the immune system. The results are shown in Figure 5. For some 
reasons the isolated cells were more resistant to the action of 
complement and antibody than the naturally occurring clumps. The 
maximum figure obtained for cell death in this case was 27 per cent. 
Figure 6 gives a comparison of the bactericidal effects of complement 
and antibody against the sonicated and the naturally occurring cells.
The results of the bactericidal action of egg white lysozyme 
against Ih lysodeikticus are shown in Figure 7. Only 0.6 ug of the 
enzyme was required for 100 per cent cellular death, whereas in the 
immune system there was as much as 1.2 ug of serum lysozyme and the 
maximum cellular death was 45 per cent.
The lysozyme in complement and antiserum was removed by absorp­
tion on bentonite. This lysozyme-deficient system was tested against 
the experimental organism and maximum cellular death was found to be 
•49 per cent. The results are shown in Figure 8. Figure 9 gives a 
comparison of the bactericidal effects of the immune system with and 
without serum lysozyme. There appears to be greater cellular death 
in the absence of serum lysozyme.
An experiment was performed to determine whether or not the 
addition of egg white lysozyme to the lysozyme-deficient system would 
have an effect on the bactericidal activity of the immune system against 
M. lysodeikticus. Figure 10 shows the bactericidal effect to be iden­
tical to that of egg white lysozyme in the absence of complement ^ and 
antibody in that only 0.6 ug of the enzyme was required for 100 per
32
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Figure 5. Bactericidal action of complement and antibody against 
sonicated lysodeikticus cells.
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M. lysodeikticus.
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Figure 8. Bactericidal activity of lysozyme-deficient complement 
and antibody.
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Figure 10. Bactericidal activity of complement, antibody, and egg 
white lysozyme.
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cent cellular death. A comparison of lysozyme alone and in the pre­
sence of antibody and complement is shown in Figure 11. There was 
a decided initial increase in bactericidal effect when complement and 
antibody were present, i.e., at a level of 0.2 ug egg white lysozyme 
there was 28 per cent more destruction of cells in the presence of 
complement and antibody than in their absence. The bactericidal ac­
tivities were approximately equal from 0.45 to 0.6 ug of the enzyme.
Isotopic bacteriolytic assay
The bactericidal test did not distinguish between killing and 
lysis and it was necessary to develop a method to determine whether or 
not killing and lysis were separate or related events. If cells were 
labeled with a radioisotope, upon lysis, isotope would be released 
into the supernatant fluid. On this basis, the organism was labeled 
with tritium by growing it in the presence of D-glucose-6-T. The 
labeled cells were treated with complement-antibody, complement-anti- 
body and lysozyme, and lysozyme alone to test each system for bacter­
iolysis.
The protocal for the experiment and the results obtained are 
shown in Table 4. Complement and antibody in the absence of lysozyme 
caused a certain degree of lysis. The presence of serum lysozyme in 
normal concentration did not contribute significantly to this lytic 
activity. As may be noted, egg white lysozyme greatly enhanced the 
lytic activity of the immune system. This increase is shown in 
Figure 12. Maximum lysis was obtained with 1.1 ug of egg white lyso­
zyme in the presence of optimal amounts of complement and antibody.
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Table 4. The bacteriolytic assay of complement, antibody and egg white lysozyme
Test 1 2 3 4 5 6 7 8 9 10 11
Complement ml 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Antibody (1:250) ml 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4
Lysozyme (10 ug/ml) ml .01 .02 .03 .04 .05 .06 .07 .08 .09 .10 .11
Diluent ml .49 .48 .47 .46 .45 .44 .43 .42 .41 .40 .39
Cells (OD 0.2) ml 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Controls A B C D E
Complement ml 0.3 0.3
Antibody (1:25) ml 1.4 - 1.4 - -
Lysozyme (10 ug/ml) ml - - - 0.2 -
Diluent ml 0.5 1.9 0.8 2.0 2.2
Cells (OD 0.2.) ml 0.3 0.3 0.3 0.3 0.3
(Continued)
O
Table 4. (Continued).
Results:
Test dpm
1 550
2 1125
3 1525
4 1800
5 2100
6 2650
dpm Control dpm
2575 A 190
2800 B 0
3000 C- 0
3200 D 3400
3400 E 0
■p-
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Figure 12.. Bacteriolytic activity of complement, antibody, and 
egg white lysozyme.
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A comparison of the bactericidal and bacteriolytic action of com- 
plemenc, antibody, and egg white lysozyme is shown in Figure 13. 
Complete cellular death was obtained with 0.6 ug of lysozyme, whereas 
1.1 ug were required to reach maximum lysis.
The bacteriolytic action of egg white lysozyme in the absence 
of complement and antibody was also tested. A typical experiment is 
shown in Table 5, These data can be more readily interpreted in 
Figure 14, where 1.5 ug of lysozyme were required to obtain maximum 
lysis. In comparison with the action of the enzyme with complement 
and antibody (Figure 13), 0.4 ug more enzyme were required to reach 
maximum lysis. The lytic action of egg white lysozyme appears to be 
somewhat mere effective in the presence of complement and antibody 
than in their absence. A comparison of the bactericidal and bacter­
iolytic effect: of egg white lysozyme is given in Figure 15. Complete 
lysis required 0.9 ug more enzyme than was needed for death of all 
the cells.
Antibody production
Whole cells. A total of twelve rabbits were subjected to im­
munization procedures with live broth-grown cells. Intravenous in­
jections administered to six rabbits over a period of eight months 
did not produce antibody titers greater than 1:160. Freund's complete 
and incomplete adjuvants in combination with the broth-grown cells 
administered six rabbits did not stimulate significant production of 
antibody because the highest titer reached was 1:160 after a three 
month period.
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Figure 13. Comparison of the bactericidal and bacteriolytic action
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Figure 14. Bacteriolytic activity of egg white lysozyme.
Table 5. The bacteriolytic, action of egg white lysozyme on lysodeikticus
1 2 3 4 5 6 7 8 9 10 11
Lysozyme (1 ug/ml) ml 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1
Diluent ml 2.1 2.0 1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.1
Cells (OD 0.2) ml 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
12 13 14 15 16
Lysozyme (1 ug/ml) ml 1.2 1.3 1.4 1.5 1.6
Diluent ml 1.0 0.9 0.8 0.7 0.6
Cells (OD 0.2) ml 0.3 0.3 0.3 0.3 0.3
Controls A B C;
Diluent 2.2 2.2 2.2
Cells 0.3 0.3 0.3
(Continued)
Table 5. (Continued). 
Results:
Test dpm Test dpm
1 : 760 6 : 2.300
2 : 1150 7 : 2475
3 : 1525 8 : 2700
4 : 1800 9 : 2875
5 : 2050 10 i 3025
Test dpm Control dpm
11 : 3190 A : 0
12 : 3325 B : 0
13 : 3450 c o
14 : 3525
15 : 3600
16 : 362.5
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49
When the experimental organism was grown on brain heart infu­
sion agar and used as the antigen, good production of antibody ensued. 
Rabbit inoculations, made by the intravenous route and intracutanous 
injections with Freund's adjuvants resulted in antibody titers of 
1:2560 within a five-week period.
The broth-grown cells, although apparently poor antigens, were 
just as effective agglutinins as the agar-grown cells when antisera 
were titrated.
Cell walls. Cell walls from the broth-grown and agar-grown cells 
inoculated into rabbits by the intravenous route and with Freund's ad­
juvants intracutanously during a six month period resulted in antisera 
with agglutinating titers of only 1.320.
Antigenic studies
Cell walls. Flocculation tests performed with purified cell 
walls from both the broth- and agar-grown cells were positive. In 
each case there was a single wide flocculation band. Due to the 
width of the band, it was impossible to determine whether there were 
single or multiple antigens present in the samples.
The cell wall preparations were also tested by the agglutina- 
tion-inhibition technique. Table 6 shows the results of an agglutin- 
ation-inhibition test in which cell walls from agar-grown cells were 
employed. In this experiment, the cell walls inhibited agglutination 
through tube 8. The final cell wall dilution which inhibited agglu­
tination was 1:5120. The results were essentially the same with cell 
wall preparations from broth-grown cells as shown in Table 7. Agglu-
Table 6. Agglutination-inhibition test for the presence of an antigen or haptene in cell wall
preparations from agar-grown M. lysodeikticus
Cell wall di­ Final dilution
Antiserum lutions of
Test (1:640) (0.25 ml) Agglutinogen Agglutination cell walls
1 0.25 ml 1/10 0.5 ml . 1/40
2 11 1/20 II -- 1/80
3 II 1/40 II -- 1/160
4 1! 1/80 11 -- 1/320
5 11 1/160 11 -- 1/640
6 If 1/320 ft -- 1/1280
7 ft 1/640 It -- 1/2560
8 11 1/1280 If -- 1/5120
9 ft 1/2560 II 1/10240
Controls
0.25 ml 0.25 ml saline 0.5 ml +
0.25 ml 0.25 ml undi­ 0.5 ml --
luted cell walls
0.25 saline 0.25 saline 0.5 ml --
0.25 ml 0.25 ml undi­ 0.5 ml +
E. coli anti­ luted cell walls E. coli
serum 
(1:260 titer 
against E. 
coli)
Ag
<_n
O
no agglutination. 
**+ agglutination.
Table 7. Agglutination-inhibition test for the presence of an antigen or haptene in cell wall
preparations from broth-grown M. lysodeikticus
Test
Antiserum
(1:640)
Cell wall di­
lutions 
(0.25 ml) Agglutinogen Agglutination
Final dilution 
of
cell walls
1 0.25 ml 1/10 0.5 ml —  —  "ft 1/40
2 II 1/20 II - - 1/80
3 II 1/40 II -- 1/160
4 II 1/80 It -- 1/320
5 11 1/160 II -- 1/640
6 It 1/320 It - - 1/1280
7 11 1/640 II - - 1/2560
8 11 1/1280 II 1/5120
9 11 1/2560 II + 1/10240
Controls
10 11 0.25 ml saline 11 +
11 II 0.25 ml undi­
luted cell walls
11 —
12 0.25 saline 0 .25 ml saline 11 - -
13 0.25 E. coli 
antiserum 
(1:2060 titer 
against E . 
coli)
0.25 ml undi­
luted cell walls
0.5 ml 
E. coli
+
*-- no agglutination. 
**+ agglutination.
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tination was inhibited through tube 7 (final antigen dilution 
1:2560).
Crude TCA cell wall extract. Only cell walls from agar-grown 
organisms were employed in further characterization, because poor 
yields of cell walls were obtained from broth-grown cells. Lyophi- 
lized TCA cell wall extract was tested for the presence of antigen 
by indirect hemagglutination and agglutination-inhibition tests.
Table 8 presents the results cf the indirect, hemagglutination test. 
The highest titer obtained by this method was 1:80.
The results of the agglutination-inhibition test are shown in 
Table 9. Inhibition of agglutination was complete in tubes 1 through 
7 giving a final antigen dilution of 1:2560.
Alcohol precipitates (fraction^ 1 and 2) £f the TCA extract.
The fractions obtained from the TCA extract by precipitation with 
potassium acetate in ethanol were tested for the capacity to combine 
with antibody.
Red blood cells coated with fraction 1 or 2 were used in the 
indirect hemagglutination test and the results recorded in Table 10. 
Cells coated with fraction 1 were agglutinated through a titer of 
1:80 and those coated with fraction 2 were only partially aggluti­
nated at a titer of 1:20.
Fractions 1 and 2 were also tested by the agglutination-inhibi- 
tion procedure for the ability to inhibit agglutination of bacterial 
cells (Table 11). Fraction 1 inhibited agglutination in tubes 1 
through 3 giving a final antigen dilution of 1:160. In the case of
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Table 8. Indirect hemagglutination 
antigen or haptene in the 
lysodeikticus'
test for the 
TCA cell wall
presence of an 
extract of M.
Te s t
Dilution of 
aritiserum* 
f0.5 ml)
Coated rbc 
(ml) Agglutination
1 1/20 0.5
**
2 1/40 0.5 +
3 1/80 0.5 +
4 1/160 0.5 __***
5 1/320 0.5 —
6 1/640 0.5 —
Controls
7 0,5 ml saline 0.5 —
8 0.5 ml anti­
serum (1/20 
dilution)
0.5 ml 
normal 
rbc
*
antiserum possessed an agglutination titer of 1:2560. 
+ positive hemagglutination.
***—  no agglutination.
Table 9. Agglutination-inhibition test for the presence of an antigen or haptene in the TCA
cell wall extract of agar-grown M. lysodeikticus
Tes t
Antiserum
(ml)
(1:640)
Cell wall ex­
tract dilutions 
(0.25 ml)
Agglutinogen
(ml) Agglutination
Final dilution 
of cell wall 
extract
1 0.25 1/10 0.5 —  — 1/40
2 IT 1/20 1! - - 1/80
3 f! 1/40 If - - 1/160
4 II 1/80 II - - 1/320
5 11 1/160 1 1 - - 1/640
6 If 1/320 II - - 1/1280
7 If 1/640 If - - 1/2560
8 11 1/1280 If 4 - * * 1/5120
9
Controls
11 1/2560 11 + 1/10240
10 0.25 0.25 ml saline 0.5 +
11 0.25 0.25 ml undi­
luted cell wall 
extract
0.5
12 0.25 saline 0 .25 ml saline 0.5 —
13 0.25 E. coli 
anti­
serum***
0.25 ml undi­
luted cell wall 
extract
0.5
E. coli
+ ‘
1i
*-- no agglutination.
**+ agglutination. 
*** titer 1:2060.
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Table 10. Indirect hemagglutination test for the presence of an anti­
gen or haptene in fractions 1 & 2 from TCA extract of cell 
walls from M;_ lysodeikticus
Test
Dilution of 
antiserum 
(0.5 ml)
Coated rbc 
(ml)
Agglutination 
Fraction 1 Fraction 2
1 undiluted 0.5 +* +
2 1/20 0.5 +
***
+
3 1/40 0.5 + --
4 1/80 0.5 + —
5 1/160 0.5 _** —
6
Controls
1/320 0.5 — ~—
7 0.5 ml saline 0.5 — —
8 0.5 ml undi­
luted anti­
serum
0.5 normal 
rbc
+ agglutination.
—  no agglutination.
+ partial agglutination.
Table 11. Agglutination-inhibition test for the presence of an antigen or haptene in fractions 1
and 2 of the TCA extract of cell walls from M^ _ lysodeikticus
Test
tube Antiserum
Dilution of 
test antigen Agglutinin Agglutination Final dilution of
no. (ml)(1:640) (0.25 ml) ( m l ) Fraction 1 Fraction 2 fractions
1 0.25 1/10 0.5 _* __ 1/40
2 11 1/20 1! — + 1/80
3 n 1/40 f! — + 1/160
4 it 1/80 If + * * + 1/320
5 ti 1/160 M + + 1/640
Controls
6 0.25 0.25 ml saline 0.5 + +
7 0.25 0.25 ml frac­
tions 1 &  2 
undiluted
0.5
8 0.25 ml 
saline
0.25 ml saline 0.5 "  *■ mm —
9 E. coli 
anti­
serum 
(1:2060 
titer 
against 
E. coli
0.25 ml frac­
tions 1 & 2 
undiluted
0.5
E. coli
+ +
*
-- no agglutination.
+ agglutination.
fraction 2, inhibition was complete only in tube 1 which contained 
an antigen dilution of 1:40. Specific activities of fractions 1 
and 2 were not determined, because only small quantities were avail-
CHAPTER V
DISCUSSION
The choice of M. lysodeikticus as the experimental organism 
for this study could be criticized because it is generally conceded 
that antibody and complement are not bactericidal for Gram-positive 
bacteria. Hirsch (1965) implied that the bactericidal activity of 
serum for Gram-positive bacteria is due to beta-lysin and not to 
complement and antibody. However, from a feleological consideration 
it seems peculiar that a system as active against Gram-negative bac­
teria as complement-antibody should possess no activity against Gram- 
positive bacteria. It would seem that during evolution the animal 
body would have developed a resistive system with activity against 
both the Gram-positive and Gram-negative bacteria. By this type of 
reasoning in the early stages of planning the research it seemed de­
sirable at least to test the bactericidal activity of complement and 
antibody against M. lysodeikticus. A more cogent argument in favor 
of M. lysodeikticus as the organism to be employed in the research 
was its susceptibility to lysozyme. Amano et al. (1954), Amano, et 
al. (1956) and Inoue et al. (1959) had published quite convincing 
evidence that jE. coli was not lysed by complement and antibody or 
lysozyme but the three components acting together could do so. These 
workers concluded that complement and antibody exposed the mucopeptide 
layer to lysozyme action which resulted in cell lysis and death. From
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the results of these workers it seemed that the ideal system for 
studying the role of lysozyme in bactericidal activity of serum was 
an overtly lysozyme-sensitive bacterium such as lysodeikticus 
and to determine whether or not lysozyme was necessary for bacter­
icidal and/or lytic activity. If lysozyme were not required it 
would become apparent, and if required, the effect should be greatly 
accentuated as to leave little doubt of its necessity.
One difficulty encountered in the experimentation was the in­
ability to demonstrate bactericidal effects on greater than 50-60 
per cent of the population. For investigating the role of complement, 
antibcdy and lysozyme in the study of the mechanism of bactericidal 
activity cf serum components, it would have been ideal to employ an 
organism which was rapidly and completely destroyed under optimal ex­
perimental conditions. It is doubtful that an organism which is uni­
formly susceptible to complement, antibody and lysozyme and to lyso­
zyme alone exists in nature. It was for this reason that the 
experiments were performed using lysodeikticus although killing 
curves indicated less than the desired level of destruction. The 
level of killing observed would not appear to invalidate any of the 
results obtained because the mechanism involved would be the same ir­
respective of the extent of killing unless, of course, killing did not 
occur.
There is no obvious explanation for the fact that 50 per cent or 
less of the organisms were killed. A variation of susceptibility may 
reside among the population either as a genetically-heterogeneous
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population or as a variation in phase of cellular division or phys­
iological state. The observation that increasing antibody and com­
plement above a certain level had no effect indicated a variation in 
susceptibility of the population rather than limiting serum components. 
Plate count assays for bactericidal activity gave similar results to 
the photometric method although the plate count method indicated a 
somewhat higher degree of killing. The plate count assays did, how­
ever, verify in a direct manner that the photometric assay was a valid 
one. The higher bactericidal values obtained by plate count assays may 
be due to agglutination by antibodies which results in a colony being 
derived from a large aggregate of cells. However, the antibody controls 
are supposed to take this possibility into account unless complement 
enhances agglutination. In the absence of enhanced agglutination by 
complement the plate count assays were valid and confirmed the results 
obtained by the photometric method.' ■
It was thought that sonication of the cells for use in the photo­
metric bactericidal measurement would increase the percentage of cells 
killed since a greater portion of the surface of the cells would be 
exposed to the action of complement and antibody. As opposed to this 
expectation sonicated cells were less susceptible to destruction by 
the bactericidal system than were the unsonicated clusters of cells.
An obvious explanation for these results is not apparent. However, it 
may be that in the clustered condition the outer layer of cells are 
physiologically younger and are susceptible to complement-antibody.
The remaining resistant clustered cells are unable to grow rapidly be­
cause diffusion rates of nutrients to the cells and metabolic end- 
products away from the cells may limit the growth rate in the clus­
tered state. Another possibility may be that the area of the cell 
surface most susceptible to complement-antibody is at the points of 
attachment between cells. If such were the case the inner cells of 
the cluster would be most susceptible to complement-antibody because 
of multiple attachments to neighboring cells and the outer-cells 
would represent the resistant cells. The time period of sonication 
and performance of: the bactericidal tests may be sufficient for re­
pair of the cellular surfaces which had been involved in cellular 
attachments. If such were the case the separated or sonicated cells 
would be least susceptible to the complement-antibody.
From the results obtained in this study it is apparent that 
serum lysozyme plays no role in the killing of lysodeikticus.
The bactericidal curves obtained with complement and antibody with 
and without serum lysozyme removed by absorption on bentonite were 
nearly identical. The readdition of egg white lysozyme to serum 
lysozyme-depleted antibody and complement gave results which were 
quite different from those obtained when serum lysozyme was present. 
Even when the concentrations of serum lysozyme were greater than re­
added egg white lysozyme in serum lysozyme-depleted systems no effect 
of serum lysozyme could be detected, whereas the effect of the egg 
white lysozyme was quite apparent. The only conclusion and a very 
important, one which can be made is that egg white lysozyme and serum 
lysozyme act very differently in the presence of antibody and comple­
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ment. Therefore, the experimental approach of replacing serum 
lysozyme with egg white lysozyme on the assumption that the lysozymes 
are biologically equivalent would appear to be invalid and any con­
clusions reached by such experimentation are not applicable to the 
natural system existing in the blood stream of animals. The fact 
that egg white lysozyme does aid in the rate of killing of lyso­
deikticus at low concentrations in the presence of antibody and com­
plement is of interest in that it did demonstrate that antibody and 
complement does have some effect on the surface structure of the cells. 
Whether this effect on the surface structure causes only a steric 
change or results from the breaking of chemical bonds is not apparent.
The mechanism of action of antibody and complement which accounts 
for the death of lysodeikticus appears to be a subtle one. Evi­
dently, with lysozyme-free complement and antibody, death ensues with­
out a gross change in cellular structure or permeability which was 
indicated by the low level of release of labeled cellular constituents 
from tritium-labeled cells. The small quantities of substances which 
were released from the cells may have been due to some weakly post­
mortem autolytic system. A more interesting possibility would be that 
complement-antibody kills cells by the breaking of vital bonds in 
some structural component of the cell. The released radioactivity 
would then reside in the solubilized products which result from some 
unknown enzymatic activity of the antibody-complement complex.
According to Salton (1964) no attempts have been made to deter­
mine the antigenicity of a "pure" glucosaminopeptide. Cummins (1962)
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assumed that the "mucocomplex" antigenic specificities were domi­
nant with suspensions of cell wall fragments used in agglutination 
reactions. To prove this assumption valid, the capacity of a pure 
mucopeptide to stimulate antibody production must be established.
The cell wall of lysodeikticus has been considered to be nearly 
pure glucosaminopeptide but even with this organism the detection of 
a polymer (glucose and 2-acetoamido-2-deoxymannuronic acid) assoc­
iated with cell wall (Perkins, 1962) again raises the question of 
the antigenic capacity of cell wall mucopeptides.
Goebel (1940) synthesized a polysaccharide containing gluou- 
ronic acid which induced the formation of antibodies. These anti­
bodies protected mice against large does of type II pneumococci which 
possesses a capsule composed of 6-rhamnose, D-glucose, and D-glucu- 
ronic acid. By analogy the glucose 2-acetoamido-2-deoxymannuronic 
acid polymer in the cell wall of lysodeikticus may be antigenic 
and could be an important determinant in stimulating agglutinin form­
ation. Until Perkins (1962) reported the presence of two cell wall 
components and a method for separation of these two components, 
there was no way to study the surface antigenic determinant in M. 
lysodeikticus.
Attempts to prepare antiserum to whole cells to Mj_ lysodeikticus 
showed that only cells grown on agar possessed significant antigen­
icity. Cells grown in broth were just as reactive with antibody in 
vitro as those grown on agar. It may be that the antigen is either 
not synthesized or is synthesized but is not retained by broth-grown
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cells. Only the haptenic portion of the antigen is.present. Tests to 
demonstrate antigen in the medium of broth-grown cells by precipitin 
test were not successful. It may be that broth-grown cells do not 
synthesize an antigenic determinant.
Agglutination-inhibition tests with cell walls demonstrated 
the ability of cell walls to inhibit the agglutination of whole cells. 
The inhibitory component was found to be present in the TCA extract of 
the cell wall preparations. Both the indirect hemagglutination and 
agglutination-inhibition tests showed the TCA-extracted material to be 
active. Following separation of the TCA extract fractions 1 and 2 were 
tested for their ability to inhibit agglutination. Fraction 1 appeared 
to contain most of the antigen. Fraction 2, however, possessed detect­
able activity as assayed by both the indirect and inhibition agglutina­
tion tests.
Perkins (1962) described fraction 1 as that fraction primarily 
composed of the glucose-rich polymer. He found fraction 2 to contain 
the mucopeptide as its major constituent and the glucose-rich polymer 
to be present as a contaminant. This would explain the weakly- 
positive reactions with fraction 2 if the glucose-rich polymer is 
the antigen. The present information leads one to believe that the 
glucose 2-acetoamido-2-deoxymannuronic acid polymer is important in 
determining the antigenicity of the cell wall of lysodeikticug 
and that the mucopeptide may not be an antigen or a hapten.
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